In this article, we studied intensity dependent third order nonlinear optical response in ternary
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I. Introduction
Understanding and characterizing the nonlinear optical properties play a significant role in device technologies because it provides added photonic functionality 1 . Therefore, quest for identifying the ideal optical material for fabricating nonlinear photonic devices remains a central topic among the researchers over the past few decades. Among the several materials, Chalcogenide glasses (ChGs), owing to their high third order nonlinear refractive index 2 , exceptional infra-red (IR) optical transmittance 3 , high photosensitivity 4, 5 , high figure of merit (FOM) and low-cost easy synthesis 6 become a potential candidate to fulfil such requirements.
Among the family of ChGs, binary As-Se 7, 8 and ternary Ge-As-Se 6, 9, 10 system have been studied extensively to understand their third order nonlinear optical properties. The reason being the components Ge, As and Se have similar size and electronegativity, plus they have largest glass forming region and strong stability against crystallization [11] [12] [13] [14] . Apart from the standard ChGs, recently new ChGs are synthesized to fabricate high-bit-rate optical processing i.e. switching system to operate at lower peak power. For example, ternary As-Sb-Se glasses are formed by substituting As atoms with Sb atoms in the As-Se system 15, 16 . It is believed that adding appropriate amount of Sb into the As-Se system could form good thermally stable ternary glasses with expanded glass forming region without altering the glass structure drastically 17 . Recent work on As-Sb-Se glasses has shown that with the increase in Sb content, specific heat of the system decreases which reduces the overall thermal entropy of the system to make the system more stable 15 . Although the linear optical properties of As-Sb-Se system has been studied extensively 15, 16 , the nonlinear properties are hitherto unknown. Therefore, it is quite alluring to explore the third order nonlinear optical properties of As-Sb-Se glasses to exploit it for practical applications.
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In this article, we employed nanosecond Z-scan technique to quantify the third order nonlinear optical properties of As40Sb7Se53 and As40Sb10Se50 glasses. Our results show a remarkable intensity mediated transition from saturable absorption (SA) to reverse saturable absorption (RSA) in As40Se53Sb7 whereas with increase in SB content, SA disappears and As40Se50Sb10 exhibits twophoton absorption (TPA).
II. Experimental
Bulk As40Sb7Se53 and As40Sb10Se50 glasses were prepared by conventional melt quenching method in ice cooled water. Thin films of thickness 800 nm were prepared by conventional thermal evaporation in vacuum of about 5x10 -5 Torr at a fixed deposition rate of 2-5 A o /s. The Energy dispersive X-ray analysis indicates that the composition of the thin films matches well with that of the bulk ChGs.
To quantify the nonlinear optical response of the samples we employed open aperture Z-scan technique. In our measurement, 1064 nm, 5 ns pluses of Nd:YAG laser was used to excite the sample. Precautions were taken to avoid the sample heating and damage by using a fixed repetition rate of 10 Hz. 6 The Rayleigh length and the beam waist in our experiment were 1.6 mm and 17 μm, respectively. A 20 cm plano-convex lens is used to focus the Gaussian beam at the zero position of z axis of computer-controlled translation stage.
III. Results and Discussions
To elucidate the optical properties, first we recorded the optical transmission spectra of the samples as shown in Fig. 1(a) . Clearly, in the high absorbing region, optical absorption edge blue shifted when Sb concentration increases from 7 to 10 % which results in the increase in bandgap (Eg). We used classical Tauc plot to quantitatively determine Eg of the samples following Tauc's
where hν is the photon energy, α is the absorption coefficient, and B is band tailing parameter. The intercept of the straight line at the photon energy axis will provide Eg as shown in Fig. 1(b) . From the best fit of the experimental data by using Eq. (1), we found that Eg is 1.728 ± 0.003 eV and transmittance is observed at z = 0. Clearly, this response is typical for saturable absorption (SA) observed for As40 Sb7Se53 at lower intensity. In a stark contrast, when the intensity increases from 11 to 13, 32 and 37 MW/cm 2 , the normalized transmittance exhibits strong nonlinear absorption near the focal point, i.e. transmission increases gradually at the far field |z| >2 cm. Clearly, such response replicates the observation of reverse saturable absorption (RSA) in As40Sb7Se53 at moderately higher intensities. Therefore, our result demonstrates a remarkable transition from SA to RSA in As40Sb7Se53 with the increase in input intensity.
On the other hand, when the Sb concentration increases, i.e. in As40Sb10Se50, we did not observe any non-linear optical response below the threshold peak intensity of 25 MW/cm 2 . For example, at 11 MW/cm 2 normalized transmittance exhibits a flat line in Fig. 2(b) , indicating that 5 no effect takes place at such lower intensity. At 25 MW/cm 2 the normalized transmittance exhibits nonlinear absorption, manifested by a dip at the focal point. As the band gap of As40Sb10Se50 is above the single photon absorption energy of 1064 nm, it is reasonable to assume that the nonlinear absorption in As40Sb10Se50 is associated with two-photon absorption (TPA). Interestingly, the decrease in transmission, i.e. non-linear absorption increases with the increase in input intensity from 25 to 47 MW/cm 2 which further validates the observation of TPA in As40Sb10Se50 19 .
The observed effects of SA, RSA and TPA in our samples can be explained by a three-level model, characterized by valence band, conduction band and the defect states which is intrinsic to ChGs 2 . As already mentioned, 1064 nm excitation lies close to the defect states which is well below the bandgap of the samples. Naturally, such excitation creates resonant single photon absorption to the defect state which will eventually give rise to SA. At lower intensities, the reason for observing SA is two-fold: first, density of the defect states is low which are almost occupied and second, Pauli blocking hinders any further absorption. Consequently, we observe SA in As40Sb7Se53 at 11 MW/cm 2 . The RSA at higher intensities can be explained on the basis of TPA arising from band to band transition. In a two-level system, electron simultaneously absorbs two photons of 1064 nm and makes a transition from valence to conduction band which gives rise to RSA in our sample.
After explaining the observed non-linear effects, it is of tremendous importance to quantify such effects to exploit for practical applications. In this regard, we fitted the experimental data using the differential equation by taking care both SA and TPA 20 .
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Here (I) is and z are the intensity and propagation distance inside the sample; whereas α(I) can be written as:
Where 0 , β and Is are the linear absorption coefficient, TPA coefficient, and saturation intensity respectively. Eq. [2] can be solved for Gaussian ultrafast beam and the normalized transmittance as a function of position z in our Z-scan measurement can be expressed as: Were I0, z0, L, and Leff are the peak intensity at the focus (z = 0), Rayleigh length, sample thickness, and effective length respectively. We calculated.
β from the best fit to the normalized transmittance and are shown in Fig. 2 The fruitfulness of an experimental results lies within the application to practical purposes.
Therefore, it is important to use the present results to design a device, which is optical limiter in our case. It is well known that an optical limiting device allows the low intensity light beam while blocking the high intensity beams. Optical limiter plays an important role in protecting optoelectronic detectors as well as human eye from intense laser sources. A schematic diagram of a solid-state optical limiter is shown in Fig. 3 based on thin films of As40Sb10Se50 on glass substrate.
The working principle of an optical limiter is based on the fact that transmission decreases when the input laser intensity is above the certain threshold. Therefore, our samples are ideal candidate because it is quite evident from Fig. 4(a) and (c) that normalized transmittance decreases dramatically as a function of input intensity which is the primary criterion to fabricate an optical 8 limiter. There are two important parameters to evaluate the performance of an optical limiter, namely onset threshold intensity FON and optical limiting threshold intensity FOL. FON and FOL are defined as the input intensity at which the normalized transmittance deviated from linearity and drops below 50 % respectively. At this moment, by comparing Fig. 4(a) and (c) we learnt although for the both the samples transmission decreases, only for the sample with higher Sb content, i.e.
As40Sb10Se50 it reaches below 50 % to fulfil the criteria for optical limiter. At this moment, it is important to note that an ideal optical limiter should have very low value of both FON and FOL 22 . 
IV. Conclusions
In conclusion, we have quantified third order nonlinear optical response in As-Sb-Se ChGs Here I1, I2 and I3 are below the threshold intensity and I4, I5 I6, and I7 are above it. 
